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SUMMARY 

An invest igat ion has been made i n   t h e  Langley  low-turbulence  pres- 
sure t'innel t o  determine  the l i f t ,  drag, and  pitching-moment character- 
istics of a 45' meptback w i n g  u t i l i z h g  a new 6-percent-thick symmet- 
r i ca l   a i r fo i l   s ec t ion ,   des igna ted  NACA 2-006, designed  for  high maximum 
lift a t  low speeds. The semispan w h g  had an aspec t   ra t io   o f  4, taper  

L r a t i o  of 0.6, and the MICA 2-006 a i r f o i l   s e c t i o n  parallel t o  the plane 
of symmetry. The e f f e c t s  on t he  aerodynamic character is t ics   of   varying 
the Reynolds number from 2.0 x 10 to 9.0 x 10 and of f e e d  t r ans i t i on  
were determined.at low Mach numbers fo r  the w i n g  with and without a 
s g l i t   f l a p .  The w i n g  aerodynamic cha rac t e r i s t i c s  were  determined for 
Mach numbers as high as 0.95 a t  several values of the Reynolds number 
extending from 1.2 x lo6 t o  8.0 x 10 . 
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A comparison of the aerodynamic cha rac t e r i s t i c s  w i t h  those  obtained 
fo r  a wing of the same plan form with the mACA 65A006 a i r f o f l   s e c t i o n  
indicated the general  conclusion that subs tan t ia l  improvements i n  the 
character is t ics   of  the wing were obtained a t  low' speeds by the  use of 
the  new a i r fo i l   sec t ion   wi thout  compromising the high-speed character is-  
t ics,  st least within  the Mach number range  investigated.  Definite 
recommendations regarding the use of the new airfoil sect ion on the  wings 
of transonic aircraft cannot be made, however, until data are obtained 
i n  the Mach number range  extending above 0.95. 

INTRODUCTION 

The use o f  thin, sweptwings  not only has resulted in   undesirably 

landing  condit-ion,  but also may res t r ic t   the   p rac t ica l   opera t ing   range  
of l i f t  coeff ic ient  t o  values  considerably  lower than the maximum because 

, c  . low maximum lift coeff ic ients  a t  the low speeds  corresponding  to the 

* 



of unstable breaks i n   t h e  pitching-moment charac te r i s t ics   ( re ference  1). 
I n  an  attemptst0  obtain  high maximum lift coe f f i c i en t s   w i th   t h in   a i r fo i l  
sections,  an analysis  of available a i r fo i l .  data was made by Loftin and 
Von Doenhoff  and an approximate  relation between the a i r fo i l   p re s su re  
d i s t r ibu t ion  and the low-speed maximum lift coef f ic ien t  was found (refer- 
ence 2) .  With the  use  of that re l a t ion ,   s eve ra l   t b in   a i r fo i l   s ec t ions  
having  pressure  distributions  favorable  for  high maximum l i f t  a t  low 
speeds were derived. A complete  dfscussion of the methods  used i n   t h e  
der ivat ion  of  the a i r f o i l   s e c t i o n s  and test data a t  high and low subsonic 
Mach numbers fo r  two of the derived a i r f o i l   s e c t i o n s  is given in refer- 
ence 2. As reported in reference 2, maximum sect ion lift coef f ic ien ts  
of the   order  of 1.3 were obtained f o r  the two symmetrical a i r f o i l   s e c -  
t i o n s  with a th ickness   ra t io  of 0.06 a t  low subsonic Mach numbers. 

I 

Inasmuch as the  aerodynamic cha r sc t e r i s t i c s   o f  swept wings cannot 
generally be predicted  with  sufficient  accuracy from a i r fo i l - sec t ion  
d a t a ,  an invest igat ion has been made i n  the Langley  low-turbulence  pres- 
sure  tunnel  of a 43O sxeptback wing of   aspec t   ra t io  4 and taper r a t i o  0.6 
with  one of the new a i r f o i l   s e c t i o n s  of reference 2 (NACA 2-0~6) l a i d  
out  parallel t o  the plane  of symmetry. This wing plan form was selected 
because  of the availability of  data f o r  comparison and is designated 
45-4-0.6 in   reference 1. 
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Tests a t  free-stream Mach numbers below 0.17 were made t o  determine 
t h e   e f f e c t s  of varying the Reynolds number from 2.0 x 10 t o  9.0 X 10 
on the aerodynamic cha rac t e r i s t i c s   o f  the w i n g  w i t h  and without a s p l i t  
flap and to  determine the effect of t r ans i t i on   pos i t i on .  The compress- 
i b i l i t y  effects on the w i n g  lift, drag, and  pitching-moment character is-  
t i c s  were invest igated  for  free-stream Mach numbers ranging up t o  0.95 
for   several   values   of  the Reynolds number. Measurements were also made 
of the wing-root  bending moment t o  determine the spanwise  center of 
pressure. 
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SYMBOLS 

CL l i f t  coef f ic ien t  (2 x Mocld. lift 

C Lmax m a x i m u m  lift coef f ic ien t  

% higheet lift coef f ic ien t  reached before  unstable break i n  
p i t  ching-moment curve 

CD drag  coeff ic ient  
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CM pitching-moment coefficient measured a t   qua r t e r  chord of 
wing mean aerodynamic chord 2 x Model pitching 

q= 

CB wing-root bending-moment coefficient 

.\ 2 2 

B bending moment at  wing root ,  foot-pounds 

9 free-stream dynamic pressure, pounds per square f o o t  

(FO') 
P free-stream mass density, slugs per cubfc  foot 

VO free-stream  velocity, feet per second 

Y 

S 

b 

- 
C 

local  velocity,   feet  per second 

twice model area, 2.778 square f ee t  

twice model span, feet 

mean aerodynamic  chord, feet (;Lbj2 c2 dy) 

Y distance along semispan, fee t  

A aspect  ratio of complete wFng (b2/S) 

C 

a 

R 

w i n g  chord a t  any  spanwise station, parallel t o  plane of 
symmetry, f ee t  

angle of a t tack of  w i n g  chord line,  degrees 

Reynolds number ( pVoE/p) 

cr coefficient of viscosity, pound-seconds per square  foot 

cL r a t e  of change of lift coefficient w i t h  angle of attack 

- M .  free-stream Mach  number (V,/~O> 

a0 free-stream speed of sound, feet per second - 
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CP distance from plane of  symmetry to   cen ter  o f  pressure, 
f ract ion  of  semispan 

APPARATUS AND TESTS 

Apparatus 

The invest igat ion was conducted in t he  3- by 71. - foot  rectangular 
2 

test  sect ion of the low-turbulence pressure tunnel  (reference 3 ) .  
Recent a l t e r a t i o n s  have been made to   t he   t unne l  which pmi t  the  use of  
Freon-12 as a test medium. With the use  of Freon-12, choking Mach num- 
bers can  be  obtained in the   tunnel  t es t  sect ion  with the or ig ina l  drive 
motor  and  fan.  Reynolds numbers as high as 9.75 x 10 per foot  of 
chord  can be obtained a t  a Mach  number o f  1.0 and a stagnation  pressure 
o f  28 inches  of  mercury  absolute. With the  use  of a i r  as a test  medium 
a t  a pressure  of 10 atmospheres  absolute, Reynolds numbers of  the  order 
of   12  x 10 per foot  of  chord  can be obtained at Mach numbers  below 0.2. 

6 

6 

For  the  present  investigation, a balance equipped  with  electric81 
r e s i s t ance   s t r a in  gages was used t o  measure the lift, drag,  pitching 
moment, and root  bending moment o f  a semispan  model. The end  of  the 
model extending beyond the  plane  of symmetry pas.sed through  the end p l a t e  
i n  the tunnel  w a l l  and was at tached  to   the  balance as shown i n  figure 1. 
A labyrinth-type seal ( f ig .  1) w a s  used t o  minimize t h e   e f f e c t s  of 
leakage  through  the  slot  between the  model and  end p la te .  

Model 

The semispan  wing tested in   t he   i nves t iga t ion  was constructed of 
aluminium a l l o y  end  had 4 5 O  sweepback measured a t  the  quarter-chord line, 
aspect r a t i o  4, and taper r a t i o  0.6. The wing plan form, t i p  shape, and 
s i z e  were the same as for t he  wing designated 45-4-0.6 i n  reference 1. 
A sketch and a photograph of  the  model are presented in figures 2 and 3, 
respectively.   Ordinates  for the p l a i n   a i r f o i l   s e c t i o n  parallel t o   t h e  
plane of symmetry are given  in table 1. In f igure 4 the   p ro f i l e s  and 
theoret ical   pressure  dis t r ibut ions at zero l i f t  of  the NACA 2-006 air- 
foil sect ion and an NACA 65~006  a i r f o i l   s e c t i o n  are compared. Tests 
were made of   the model with  aerodynamically smooth surfaces and fo r  
three conditions  of  surface  roughness. The three types of  surface 
roughness employed consis ted  in  a inch-wide  roughness s t r i p  beginning 

st t h e   0 . 0 5 ~   p o s i t i o n ,  a I - inch-wide  roughness str ip beginning a t  the 
F -  
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0 .10~   pos i t i on ,  and leading-edge  roughness. The leading-edge  roughness 

the upper  and'lower  surfaces. For the three types  of  roughness, 
carborundum grains  of  approximately  0.004-inch diameter were spread over 

I extended  over a surface  length of 0 . 0 8 ~  back  from the leadihg edge on 

a coat  of  shellac in such a manner-as t o  
the specif ied area. 

In addi t ion   to  the fnvestigation of 
of the model equipped with a 0.5b - span, 
deflected 60°. The f l a p  was formed  from 

in the form o f  a V and extended from the 

2 

( f ig .  2) .  

Tests 

cover  from 5 t o  10 peEcent  of 

the pla in  w i n g ,  tests were made 
0.20c, simulated s p l i t  flap 

a piece of A - inch   s tee l   bent  

root  chord t o  the midspan 
-16 

Unpublished  low-speed d a t a - f o r  the wing  designated 45-4-0.6 in refer-  
ence 1 indicated that f o r  a constant  value pf the Reynolds number and 
a small variat ion  of  Mach number the aerodynamic cha rac t e r i s t i c s  were 
unaffected  by  increasing  the dynamic pressure from 75 to 400 pounds per 
square  foot.  Since the  dynamic pressures  for most of   the   t es t s  o f  the 
present  investigation a t  both low speeds  and hlgh speeds were less than 
400 pounds per  square  foot, the data f o r  most o f  the  test  conditions 
should  be free of   appreciable   aeroelast ic   effects .  Tests were made o f  
the model i n  the smooth conditton w i t h  t he   f l ap   r e t r ac t ed  a t  Reynolds 
numbers ranging from 2.0 x 10 t o  9.0 x 10 fo r  free-stream Mach numbers 6 6 
below 0.2. The e f fec ts   o f  fixing t r ans i t i on  a t  0 . 0 5 ~ ~  O.lOc, and the  
leading edge on the p l a b  w i n g  were determined at  a Reynolds number of 
3.0 x 10 6 . The effect iveness  of  the s p l i t   f l a p  w a s  invest igated  for  
the smooth wing  and fo r  the  wing w i t h  leadingedge  roughness  for Reynolds 
numbers from 3 .O X lo6 t o  9 .O x 10 . 6 

The high-speed investigation consisted Fn measurements of the  aero- 
dynamic charac te r i s t ics  of the plain, smooth  wing f o r  a range  of Mach 
number extending from 0.4 to approximately 0.95 for   several   values   of  
the stagnation  pressure, so as to  provide  information on the e f f ec t  of 
Reynolds number throughout the Mach number range. The lift, drag, 
pi tcking moment, and root  bending moment were determined from approxi- 
mately  zero lift t o  beyond the s ta l l .   fo r  most of the high-speed and 
low-speed tests. 
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Corrections 
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Two types  of  corrections are necessary Fn order   to   convert  data 
obtained in the   tunnel   to   equivalent  free-air data. These corrections 
result from the  presence  of the tunnel walls, and i n  the high-speed 
tests, from t he  fact that Freon-12 instead  of air was employed as a test 
medium. The only  correct ion  appl ied  to   the low-speed data  was that 
necessitated by a tunnel-wall-induced upwash. The method of  determining 
this correction is  described in   re fe rence  4. In add i t ion   t o   t he  induced- 
upwash correction, a small blocking  correction  ( less  than 2 percent) was 
appl ied  to  the high-speed data obtained in Freon-12. The methods of  
reference 5 w e r e  used to   convert  the data obtained in Freon to   equiva len t  
air data.  

Data obtained  near Mach nmber  1.0 may be sub jec t   t o   e f f ec t s  attrib- 
utable  to  tunnel  choking.  Since the phenomenon of tunnel choking  corre- 
sponds t o  no free-air condition, data which are influenced  by  choking 
cannot be corrected.   Correlation of t he  wing charac te r i s t ics   wi th  meas- 
ured  pressure  distributions  along  the  ceil ing  of the tunnel  provided  an 
a d i c a t i o n  of the  onset  of  the effect of the choking phenomenon on t he  
wing charac te r i s t ics .  All data presented are be l ieved   to  be free of   the  
effects of  choking. 

Precision of  Measurements 

The values of lift coefficient,  pitching-moment  Coefficient, and 
root  bending-moment coef f ic ien t  are estimated t o  be accurate  within 
3 percent  throughout  the range of Mach number and Reynolds number inves t i -  
gated. Measurements o f  the drag with the  balance are estimated t o  be 
within  1/2 pound of   the  actual   drag.  The estimated range  of  error i n  
the  drag coefficient  determined a t  low speeds extended from 0.005 at  a 
Reynolds nmber  of 2.0 X lo6 t o  0.001 a t  a Reynolds number of 9.0 x 10 . 
For the  high-speed tests i n  Freon-12, the  estimated  range  of  error  in 
drag coefficient  extended f r o m  0.001 a t  a Mach number of 0.87 and a 
Reynolds number of 8.6 x 106 t o  0 .Om a t  a Mach numher of 0.4 and a 
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Reynolds number of  2.8 x 10 . 6 

, RFSULTS AND DISCUSSION 

The w i n g  of  the  present  investigation w i l l  be hereinaf ter  referred 
t o  as wing I and t h a t  of reference 1 with the 'WCA 6 5 ~ 0 0 6  a i r f o i l   s e c t i o n  
w i l l  be referred t o  ati wing, 2. 
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Low-Speed Resu l t s  

The low-speed aerodynamic characterist ics of the  plain w i n g  at  
-. 

Reynolds numbers rangilig from 2.0 x lo6 t o  9.0 x lo6 are  presented i n  
figure 5 .  The effects  o f  f ixing  t ransi t ion at 0 . 0 5 ~  and 0 . 1 0 ~  and of  
leading-edge  roughness on the characterist ics of the wing are shown in 
figure 6 f o r  a Reynolds number o f  3.0 X lo6. The characterist ics of 
the wing equipped w i t h  a 0.5b/2 simulated sp l i t   f l ap   def lec ted  600 are 
sham in figure 7 f o r  Reynolds numbers from 3#.O x 10 t o  9.0 x 10 , 6 6 

L i f t  and pitching moment of w i n g  without  flap. - The data  for w i n g  1 
presented i n  figure 3 indicate that variations  in Reynolds number-between 
2.0 x 10 6 and 9.0 x 10 6 caused no large changes in the type  of stall,  
slope of  the lift curve measured near  zero l i f t ,  and angle of attack 
for  maximum lift. The slope of the l i f t  curve i s  approxima,tely the 
same as the theoretical  slope obtained from reference 6. O f  interest 
is  the fac t  that the  slopes of the l i f t  curves a t  Reynolds numbers of 
about 2.0 x 10 and 3.0 x 10 show some increases in the range o f  lift 
coefficient from 0.4 to  0.8, whereas a t  Reynolds numbers o f  6.0 x 10 6 

and 9 . 0 ' ~  10 6 , the lift c m s  are essent ia l ly  linear up to   the  begfnning 
of tbe s t a l l .  Some indication of  the nature of the differences in the 

6 .  6 
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- lift curves a t  2.0 x10 6 and'3.O x 10 6 as compared w i t h  those a t  6.0 x 10 6 
and 9.0 x 10 can be obtained from a study o f  references 1, 7, and 8. 
As discussed in reference 1, leadfng-edge separation on thin swept wings 
with small  leading-edge radi i  occurs a t  low angles  of  attack.  Reattach- 
m e n t  o f  the flow  causes a "bubble" of separated  flow, and within the 
bubble a strong  vortex extendkg along the span w i t h  i t s  core  near the 
leading edge of the wing root is formed. lncreasiag the angle o f  attack 
causes an increase in  the s ize  o f  the region of separated flow and an 
increase in sweep angle  of the vortex  core and causes the vortex core 
near the wing t i p  to curve back in the stream direction. The investiga- 
t ion of reference 7 indicates that the formstion of a leading-edge  vortex 
is often accompanied by a q  increase in lift-curve slope and a downward 
dip of the pitching-moment curve. The fac t  that both of these phenomena 
are shown by the data o f  figure .5 fo r  Reynolds numbers of about 
2.0 x 10 6 and 3.0 x 10 seems to  indicate  the presence of  a leading-edge 
vortex.  For Reynolds  numbers of  6 .o x 10 and 9 .O x 10 , the  increases 
in lift-curve slope at the higher  angles of attack seem, if present a t  
all ,  barely w i t h i n  the experimental  accuracy; however, since the 
pitching-moment curves s t i l l  show the characteristic  dip, the vortex 
flow.is presumably s t i l l  present,  although t o  a reduced extent.  This 
scale  effect  may be compared w i t h  that shown i n  reference 8, where, for  
an a i r fo i l   w i th  more rounded *leading  edges, the vortex-tqpe flow seemed 

6 
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6 6 
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.. t o  disappear completely w i t h  increase in Reynolds number. 
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A comparison  of the low-speed data obtained  for wing 1 with those 
obtained  for wing 2 a t  a Reynolds number of 9.0 x lo6 fo r  the condition 
without   f lap is presented on the l e f t  side of   f igure 8(a). The primary 
differences in  the l i f t  curves are that  the var ia t ion  of  l i f t  coef f ic ien t  
with angle  of attack remains linear f o r  a larger  range  of l i f t  coef f i -  
c i e n t   f o r  wing 1 and that an increase in m a x i m u m  l i f t  coef f ic ien t  of 
about 0.1 is  obtained  for wing 1 as compared w i t h  wing 2. The shapes of 
the pitching-moment curves shown i n  f igure  8 ( d )  are generally similar 
for   the two wings; however, the lift coefficient  corresponding  to the  
unstable break i n  the pitching-moment  curve' is increased by about 0.3 by 
the use  of the MACA 2-006 'a i r foi l   sect ion.  The data presented  in  f ig- 
ures 8(d)  and 8(e)  show tha t ,  as would be expected, a shift in the span- 
wise center  of  pressure  (determined from the  l i f t  and root  bending-naoment 

- data i n  f ig .  5 )  accompanies the pitching-moment break. The fact that 
the center  of  pressure shifts inboard a t  a higher l i f t  coe f f i c i en t   fo r  
wing 1 as compared with wing 2 indicates  that t i p   s t a l l i n g  is delayed 
by the use of the  UCA 2-006 a i r f o i l   s e c t i o n .  An indication  of the 
rap id i ty   o f  the inboard  progression  of  the stall  on wing 1 as compared 
w i t h  that on wing 2 i s  given  by the change i n  spanwise  center-of- 
pressure  posit ion with l i f t  coef f ic ien t  shown in figure 8 (e ) .  

Some of the data of figure 5 are summarized i n  figme 9(  a)  to show 
the e f f ec t   o f  Reynolds number on the  maximum lift coef f ic ien t  

and on the l i f t  coefficient  correspondlng  to the unstsble break i n  
pi tching moment C L ~ "  Also shown in f igure 9 fo r  comparison are the  
corresponding data fo r  wing 2 w i t h  the same plan form as the wing of the 
present  investigation  but  equipped with an NACA 6 5 ~ 0 0 6  a i r f o i l   s e c t i o n .  
Figure g(a) shows that the maximum l i f t  coeff ic ients   of   both wings were 
r e l a t ive ly   i n sens i t i ve   t o   va r i a t ions  in the Reynolds number between 
3.0 x 106  and 9.0 x lo6, whereas the 8me change i n  Reynolds number 
increased the value  of C from 0.81 to  about  0.94 f o r  wing 1 and 

from 0.52 t o  0.65 f o r  wing 2. Although the maximum lift coeff ic ient  
f o r  wing 1 was only  about 0.1 higher than that for  wing 2, the value of 

w a s  f r o m  0.3 t o  0.35 higher than that f o r  wing 2 throughout the 

range o f  Reynolds number investigated.  The increase in the value of 
CLs obtainable by the use  of the NACA 2-006 a i r fo i l   sec t ion   represents  
an increase  of  approximately 46 percent Fn the range  of  operational lift 
coef f ic ien t  a t  low speeds. It is  In t e re s t ing   t o   no te  that the maximum 
l i f t   c o e f f i c i e n t   f o r  wing 1 was s l i g h t l y  lower  than  the m a x i m u m  sect ion 
l i f t  coeff ic ient   ( reference 21, a charac te r fs t ic  o f  the e f fec ts   o f  sweep 
on thick  wings, whereas for  wing 2, the  maximum l i f t  coef f ic ien t  was 
higher  than  the maximum sect ion lift coeff ic ient ,  a characteristic of 
the e f f e c t s  of sweep on thin wings. 

cL,ax 

LS 

cLS 



Fixed t r ans i t i on  a t  either 0 . 0 5 ~   o r   0 . 1 0 ~   r e s u l t e d  in values .of  

cL and C that were very  near ly   the same ai  those  for  the wing in  LS 
the smooth condition  (fig.  6 ) .  Fixing   t rans i t ion  a t  the leading  edge, 
however, decreased the value  of C from 0 . 8 1 t o  0.60 and the  value 

of c from 1.15 t o  1.07. The data of figure 6 in comparison w i t h  

those  of  reference 1 indicate  that the values  of C and C f o r  

w i n g  I w i t h  leading-edge  roughness are e s s e n t i a l l y  the same as the values 
f o r  wing  2 with  leading-edge  roughness. The resul ts   obtained w i t h  tran- 
sition f ixed  a t  0 . 0 5 ~  and 0 . 1 0 ~   i n d i c a t e  the very important fact that 
only the leadingedge  port ions o f  wings  employing the NclCA 2-006 a i r f o i l  
section need be kept smooth in order  to  obtafn  high  values of CL,. 

LS 

%ax 
=S L a x  

Lift and pi tching moment of  wing w i t h  f lap.-  The e f f e c t s  of the 
s p l i t   f l a p  on the l i f t  and pitching-moment cha rac t e r i s t i c s  of w i n g - l  in 
t h e  smooth condition are indicated  by a comparison of f igure  7 with 
f igure 5. The main e f f ec t s   o f   de f l ec t ing   t he  flap were a considerable 
decrease in the angle of a t tack   for   zero  lift, a decrease Fn the  angle 
of   a t tack   for  m a x i m u m  lift, and an increase of about 0.15 o r  0.20 in 
the  value o f  CL . The pitching-moment data f o r  the m o t h  wing i n d i -  

cate  that def lec t ing  the f l ap  60' had l i t t l e  e f f e c t  on the absolute  value 
of  the pitching-moment coef f ic ien t  and on the slope o f  the pitching- 
moment curve f o r  a par t icu lar  lift coeff ic ien t   ( f igs .  5(b) and 7(b) ) . 
Changing the spanwise loca t ion  of the flap, however, m i g h t  considerably 
change the pitching-moment coefficient  because  of the change in f l a p  
locat ion w i t h  respec t   to  the quarter-chord  point of the  mean aerodynamic 
chord. Data from a few explora tory   t es t s  at  a Reynolds number of 

S 
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3.0 x 10 (not  presented)  indfcated that both C ana c could 6 
LS 

be increased by only 0.1 by increasing  the flap span from 0.5b/2 t o  as 
much as 1.00b/2, with resu l tan t  pitching-moment coef f ic ien ts  a t  zero 
lift of the order of -0.06 f o r  a 0.75b/2 s p l i t  f l a p  and -0.10 f o r  a full- , 

span f l ap .  

A comparison of  the  lift and pitching-moment characteristics of 
wing l w i t h  those of  wing 2 ( f ig s .  8(a) and 8(d))  indicates  that, as 
for   the  f lap-retracted  condi t fon,  the lift curve  for  wing 1 remained 
l inear   over  a l a rge r  rank of  angle of  attack, the value of CLs was 
about 0.35 higher  for wing 1, and the value 0-f C b u  was about 0.1 

higher f o r  wing 1. The var ia t ions   o f  C h  and CLs w i t h  Reynolds 

data presented in figure g(b) with those  presented in f igure  9(a) indi-  
cates that although the f l ap  had little e f f e c t  on the m a x i m u m  lift 

c number are shown in figure g(b)  f o r  wings 1 and 2. A comparison of   the 

- 



10 - NACA RM L 5 m 4  

coef f ic ien t   o f   e i ther  wing, the  values  of for   both wings were 

increased by about 0.15 o r  0.20. Other  investigations,  such as t h a t  
reported in  reference 8, have a l so  shown that the  use  of a half-span 
s p l i t   f l a p  on a swept  wing results in   only small increases in  maximum 
lift coef f ic ien t .  Throughout the  range  of  Reynolds number investigated,  
the  value of CL, f o r  wing 1 wi th   f lap   def lec ted  was higher than  that  
f o r  wing 2 by  about 0.33. 

cLS 
r 

The effect of leadingedge  roughness on the aerodynamic character-  
i s t i c s   o f  wing 1 w i t h  t h e   s p l i t   f l a p  is i l l u s t r a t e d  by the  data presented 
in   f i gu re  7. With leading-edge  roughness,  the  value  of CL,, was only 

about 0.1 higher  than that obtained  for wing 2 from reference 1. 

Drag of wing without  flap.- The data  of  f igure 5 indicate  that 
variat ions  of  the Reynolds number between 2.0 x 10 6 and 9.0 x 10 6 
general ly  had l i t t l e  ef fec t  on the  drag a t  low and  moderate l i f t  coef f i -  
c ien ts .  The drag  coeff ic ient  a t  higher lift coefficients  decreases 
somewhat with  increasing Reynolds number. A comparison  of  the  drag 
polars  obtained  for wings 1 and 2 without  f laps,  shown in f igure  8(b) 
f o r  a Reynolds number of 9.0 x 10 6 , ind ica tes   tha t   for  lift coef f ic ien ts  
above 0.6 the  drag  coeff ic ients   of  wing 1 are considerably  lower  than 
those  of wing 2 and .at a lif't coef f ic ien t  of 0.9 they are as much as 
0.16 lower. No comprisons are made f o r  the minimum drag  coeff ic ients  
of wings 1 and 2 because  of  the  insensit ivity of the  balance  to  the 
small drag  loads a t  low drag  coeff ic ients .  The l i f t - d r a g   r a t i o   f o r  wing 1 
is  shown i n   f i g u r e   8 ( c )  as a function  of l i f t  coef f ic ien t  and indicates  
tha t   the   use  of  the NACA 2-006 a i r f o i l   s e c t i o n  may r e s u l t   i n  a maximum 
l i f t -drag   ra t io   apprec iab ly   h igher   than   tha t   ob ta inable   wi th   the  
McA 6 5 ~ 0 0 6  a i r f o i l   s e c t i o n .  

The ef fec ts   o f   f fxed   t rans i t ion  on the   d rag   charac te r i s t ics   o f  
wing 1 are shown by the  data  presented  in figure 6, which indicate  that 
f ix ing   t r ans i t i on  at 0 . 0 5 ~  and 0 . 1 0 ~  had l i t t l e  effect on the minimum 
drag of  wing 1, whereas  leading-edge  roughness  increased  the  drag 
coefficient  throughout  the  range of lift coeff lc ient   invest igated.  A 
comparison  of the   d rag   charac te r i s t ics  of wing 1 with data f o r  w i n g  2 in 
reference 1 indicates  similar drag  polars for  both wings with  leading- 
edge  roughness. 

D r a g  of wing with flap.- A comparison  of the  data presented in 
f igure  7 with  those  presented in figure 5 ind ica tes   tha t   def lec t ing   the  
sp l i t   f l ap   decreased   the   d rag   coef f ic ien t   a t   h igh  l i f t  coef f ic ien ts  and 
increased  the  drag  coefficient a t  low and moderate l i f t  coeff ic ients .  
With the  f lap  def lected,   the   drag  coeff ic ients   of  wing 1 were as much 
as 0.08 t o  0.23 lower than those of wing'2 for l i f t   c o e f f i c i e n t s  above 
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0.9 ( f ig .  8(b) ) . The l i f t -d rag  r a t io s  f o r  wing 1 with  the  flap  deflected 
were higher  than  those  for wing 2 throughout the range of  l i f t   c o e f f i -  
c ient   invest igated  ( f ig .   8(c)) .  

The data  presented in figure 7 indimte  that   wi th   the f1a-g deflected, 
the main ef fec t  of  leading-edge rougkness was an increase in drag 
coefficient  at   high lift coefficients. A comparison of  the  drag  polars 
f o r  wings 1 and 2 with  flaps  deflected and with  leading-edge  roughness 
( f ig .  10) indicates similar drag  characteristics for both w i n g s .  

High-speed Results 
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wfng 1 is  about 0.1 higher than that fo r  wing 2 throughout  the Mach 
number range  investigated. The value of f o r  wing 1 is  about 0.3 cLS 

* higher  than that f o r  wing 2 f o r  Mach numbers up to  approximately 0.4. 
As t he  Mach number is increased  above 0.4, the value  of . C f o r   w a g  1 

decreases and it i s  about  the same as that f o r  wing 2 a t  a Mach number 
of 0.85. As can  be  seen from f igure.  14( a) ,  the   d i f fe rences   in   the  lift 
.curves fo r  wings 1' and 2 a t  high Mach numbers were similar to   t hose  
obtained a t  low speeds  (fig.  8 ( a ) ) .  

LS 

Drag.- The minfmum drag coef f ic ien t  and the drag  coeff ic ient   corre-  
sponding to a l i f t  coeff ic ient   of  0.4 are shown f o r  w i n g  1 in figure 12 
as a function  of Mach number for   var ious Reynolds numbers. Although 
the  accuracy of the minimum drag  coeff ic ients  i s  somewhat doubtful for 
Mach numbers less than  about 0.5 and  Reynolds numbers less than 

numbers so t h a t   t h e  minimum drag  coeff ic ients  are reasonably  accurate. 
The data   of  figure 12(b)   indicate  that the  min imum drag  coeff ic ients  
increase from about 0.005 -to about 0.009 as the  Mach number increases 
from 0.5 t o  0.9. The value of the  Reynolds number has l i t t l e  e f f e c t  on 
t h e  minimum drag; however, increasing  the Reynolds number from 
2.0 x 10 t o  7.0 X 10 causes a substant ia l   reduct ion in the drag a t  a 
lift coef f ic ien t  of  0.4 f o r  Mach numbers of  the  order o f  0.65. 

. 3.0 x 10 , t he  dynamic pressures were large enough a t  the  higher Mach 6 

6 6 

A comparison  of  the minimum drag  coeff ic ients   of  wing 1 with  those 
of  wing 2, presented  in   f igure 13, ind ica tes   tha t   the  minimum drag 
coeff ic ient   of  wing 1 is  higher  than that o f  wing 2 i n  the  range  of 
Mach number f o r  which reasonably  accurate measurements of   the  minimum 
drsg  could be made. This i s  substant ia ted by a s imi la r  comparison  of 
sect ion  data  in reference 2. The drag  coeff ic ient   of  wing 1 a t  a l i f t  
coef f ic ien t  of 0.4 i s  seen t o  be about   0 .01 to  0.02 lower  than that of  
wing 2 up t o  a Mach number of  approximately 0.75, after which the drag 
coef'ficient  of wlng 1 inc reases   r e l a t ive   t o  that of wing 2 and becomes 
higher  than that of wFng 2 f o r  Mach numbers  from 0.85 t o  t he  m a x f m u m  
Mach number investigated.  The high-speed drag  polars   of  wings 1 and 2 
shown in figure 14(a) fo r  a Mach number of 0.79 indicate  that wing 1 
has lower  drags a t  high lift coefficfents  than wing  2. The l i f t - d r a g  
r a t io ,  shown in figure 14(b) f o r  a Mach number of 0.79, appears  to be 
higher   for  w i n g  I than fo r  wing 2 throughout most of  the  range  of lift 
coeff ic ient .  

- 
1 ~- 1 

- "_ 

S-panwise center o f  pressure.- The spanwise posit ion o f  the  center  
of  pressure f o r  wings 1 and 2 determined from the  root  bending moment 
and lift data  a t  a Mach number of 0.79 was near ly   the  same for   bo th  
wings except that the  inboard  progression of  the  center   of  pressure was 
s l i g h t l y  less rap id   for  wing 1 than   for  wing 2 ( f i g .  1 4 ( b ) ) .  

R 



CONCLUDING REMARKS 

A n  invest igat ion has been made Fn the Langley  low-turbulence  pres- 
sure  tunnel  to  determine the l i f t ,  drag, and  pitching-moment character- 
i s t i c s  a t  Mach numbers up to   about  0.97 of a 45' sweptback w h g  with an 
aspect   ra t io   of  4.0, taper r a t i o   o f  0.6, and a new 6-percent-thick 
symmetrical a i r f o i l   s e c t i o n  designed fo r  high maximum lift coeff ic ien ts  
at low speeds. A comparison  of the results w i t h  those  obtained  for a 
wing of  the same plan form w i t h  the NCICA 65~006   a i r fo i l   s ec t ion   i nd ica t ed  
the general  conclusion that subs tan t ia l  improvements in the  characteris-  
t i c s   o f  the w i n g  were obtained a t  low speeds  by the use of the new air-  
foi l   sect ion  without  compromising the high-speed charac te r i s t ics ,  a t  
least within the Mach number range  Fnvestigated.  Definite recommendations 
regarding the use of the new a i r f o i l   s e c t i o n  on the w i n g s  of  transonic 
a i r c r a f t  cannot be made, however, until data are obtained  in the Mach 
number range  extending above 0.95. Some of the per t inent   resu l t s  of the , 

investigation can be summarized as follows: ' 

1. The  meximum lift coeff ic ien t  C k  of  the wing o f  the present 
invest igat ion  with and without f l a p  was about 0.1 higher than that of 
the same wing w i t h  the mACA 65~006 a i r f o i l   s e c t i o n  w i t h  and. without 
flap, throughout  the  range of  Mach number investigated.  

- 
2. For Mach nmbers  less than 0.5, the Uf't coefficient  correspondfng 

t o  the unstable break i n  the curve of pitching-moment coef f ic ien t  against 
lift coef f ic ien t  CLs was approximately 0.3 higher   for  the wing of the 

present  investigation in the smooth condition, with and without flap, 
than that fo r  the same w h g  w i t h  the NACA 6 5 ~ 0 6  a i r f o i l   s e c t i o n ,  w i t h  

, and without  f lap.  For Mach numbers greater than 0.5, the value of C 
LS 

fo r   t he  w i n g  o f  the present  investigation  decreased and it w a s  about the  
same as that of the wing w i t h  the NACA 65~006 a i r f o i l   s e c t i o n  a t  a Mach 
number of 0.85 . 

. .  

3.  Fixed  t ransi t ion a t  either 0.05 chord o r  0.10 chord had l i t t l e  
e f f ec t  on the value  of C L, o r  cL,,x' whereas f i x i n g   t r G s i t i o n  a t  the 

i' leading edge decreased the values  of CL, and C& f r o m  0.81 t o  

0.60 and from 1-13 t o  1.07, respectively,  a t  a Reynolds number of 

3.0 X 10 . 6 
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4. The drag   coef f ic ien ts   for   the  smooth condition a t  a l i f t  coeff i -  
c ien t  of .O .4 were from about 0.01 t o  0.02 lower  than  those  for  the same 
wing with  the NACA 6 5 ~ 0 0 6   a i r f o i l   s e c t i o n   f o r  Mach numbers up t o  about 
0.75 
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Figwe 1.- Method of mounting model on semispan balance. 
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Figure 4.- Theoret ical   pressure  dis t r ibut ion at zero lift and airfoil 
p r o f i l e s   f o r  the NACA 2-006 and WICA 65~006 a i r f o i l   s e c t i o n s .  
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(a) Angle of attack and drag. 

Figure 5. -  Lou-speed aerodynamic  characteristics for the p l a i n  wjng In ' 

the smooth condition at various Reynolds numbers. NACA 2-006 airfoil 
section. 
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(b) Pitching moment and root bending moment. 

Figure 5.- Concluded. 
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(a) Angle of attack and drag. 

Figure 6.- Effect of the transit ion  posit ion on the low-speed aerodynamic 
characteristics of the wing without a flap.  R = 3 x 10 ; NACA 2-006 
a i r f o i l  section. 
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(b)  Pitching moment and root  bending moment. 

Figure 6 . -  Concluded. 
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(a )  Ande of attack and drag. 

. Figure 7.- Lar-speed aerodyr@ic characteristics for the wing with a 
0.50b/2 split f lap deflected 600 for various Reynolds numbers. XACA 
2-006 airfoil section. 
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(b) Pitching moment and root bendlng moment. 

Figure 7.- Concluded. 
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(a) L~fi..; 

Figure 8.- Comparison o f  the low-speed aerodynarqic characteristics of 
two wFngs of similar plan form with  the MCA 2-006 and NACA moo6 
airfoil sections.  Smooth-surface  condition; R = 9 x 10 6 . 
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( c )  Lift-drag ratio.  

Figure 8.- Continued. 
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(a) H t c k h g  moment. 

~ i g u r e  8.- Continuea. 
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(e)  e n t e r  of pressure. 

Figure 8 .- Concluded. 
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(a) Flap reti-acted. 

Figure 9.- Variation of lift coefficient wLth Reynolds number for  the 
wing with the HACA 2-006 airfoi l   sect ion and f o r  the w i n g  with the 
HACA 65A006 a i r fo i l  section. 
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(b) 0.50b/2 f lap  deflected 60'. 
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Figure 9.  - Concluded. 
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Lift a o e f f i o i e n t ,  cL 

Figure 10.- Comparison of the drag characteristics of two wings of 
similar plan form with  the NACA 2-006 and NACA 65~006 airfoil  sections 
and 0.5b/2 split flaps deflected 600. Leading-edge roughness; 

R = 6 x l O .  6 - 
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(a) Stagnation pressure, 6 inches of mercury. 

Figure ll.- High-speed aerodynamic characteristics of the plain  w i n g  i n  
a smooth condition at various Reynolds numbers and Mach numbers. 

2-006 a i r f o i l  eection. 
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Figure ll.- Continued. 
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(b) Btagnatlon pressure, 15 inches of mercury. 

Figure ll.- Continued. 
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(b) Concluded. 

Figure 11.- Continued. Y 
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Figure ll.- Contjnued. 



(a) Stagnation pressure, 27 Inches of mercury. 

Figure KL.- Continued. 
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(a) Lift and pitching-moment characteristics. 

Efgure 12.- AerQdynemic characteristics of the .wing with an 21006 
airfoil  section for various Reynolds numbers; model in smooth-surface 
condition. 
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Figure 13. -  Comparison of the aerodynamic cha rac t e r i s t i c s   o f  two w i n g s  
of  similar plan form with the NACA 2-006 and M C A  65~006 a i r f o i l  sec- 
tions.  Smooth-surface  condition; R = 5.0 x 10 6 . 
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(a) Angle o f  attack and drag. 

Figure 14.- Comparison of the high-speed aerodynamic  characteristics Of 

two wlngs of  similar plan form with the 2-006 and @LCA 6 ~ 0 0 6  
airfoil. sectlons. Smooth-surface condition; M = 0.79; R = 8.2 X 10 . 
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(b) Pitching moment, :center of pressure, and llft-drag ratio.  

Figure 14. - Concluded. 

L I .  ; I  I , I , ; i :  I * ,  
I . I  I ’  I :  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . / i I  I . .. .- . . . .. . . . . . . . . . . -  . . .. . . . . 




